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There are many histriacal preservation area in C ctity,  histriacal buildings and heritages were damaged by the flooding 
flow. It is important to mitigate damage of histrical herigtage as well as flood fighting and caution of evacuation for 
residents. This study is to purpose structure of flood forecasting model and system to contribute to decrease damage by 
flooding. Distributed model is employed as runoff model in flood forecasting system. Accuracy in discharge predicted 
by  runoff model  is described with using two feed back methods.  
Keywords : Flood forecasting system, Distributed Runoff model, Feedback methods, Particle Filter,  
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Ỉ⏣ 1.010-6 75 15 05 1.0 3.0 
⏿ᆅ 5.010-6 30 15 10 1.0 3.0 
ᕷ⾤ᆅ 1.010-6 20 15 5 0.005 3.0 
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4⾲ 2 ᆅୗỈࣔࢹࣝࡢᐃᩘ
ศ  㢮
୙ᅽᆅୗỈಀᩘ
(mm-1/2day-1/2)
⿕ᅽᆅୗỈಀᩘ
(day-1)
⿕ᅽᆅୗỈᒙࡢ
㧗ࡉ(mm) 
ᾐ㏱ᛶ኱
ୖὶ 1.60 6.010-4 300 
ୗὶ 0.06 3.010-4 300 
ᾐ㏱ᛶ୰
ⰼᓵᒾ 0.02 10.010-4 800 
ࡑࡢ௚ 0.20 6.010-4 500 
ᾐ㏱ᛶᑠ
ⅆᒣᛶᒾ㢮 0.30 1.010-4 500 
༙ᅛ⤖㹼ᅛ⤖ሁ✚≀ 0.20 6.010-4 500 
ᅗ.3࡟ࡣ㸪㏆ᖺࡢ௦⾲ⓗ࡞ὥỈ࡛࠶ࡾ㸪ỏ℃ࡀⓎ⏕ࡋ࡚࠸࡞࠸ᖹᡂ18ᖺ7᭶ὥỈࢆᑐ㇟࡟ࡋࡓྠᐃ⤖ᯝࢆ
♧ࡍ㸬ࡇࡢ⤖ᯝ࡟ࡼࢀࡤ㸪EᆅⅬ࡟࠾࠸࡚ࡣὶ㔞ࡢㄗᕪࡣ኱ࡁ࠸ࡀ㸪ࢲ࣒ᆅⅬ࠾ࡼࡧEᆅⅬࡼࡾୗὶࡢF࠾ࡼ
ࡧGᆅⅬ࡟࠾࠸࡚ࡣ㸪ᐇ⦼ࡢὶ㔞࡜ࡢᩚྜ࠿ࡽᴫࡡጇᙜ࡛࠶ࡿ࡜ุ᩿ࡋࡓ㸬࡞࠾㸪ࡇࡢẁ㝵࡛ࡣ㸪EᆅⅬࡢ
ࡼ࠺࡟ㄗᕪࡀⓎ⏕ࡋ࡚࠸ࡿሙྜࡶ࠶ࡿࡓࡵ㸪ᚋ㏙ࡍࡿࣇ࢕࣮ࢻࣂࢵࢡᡭἲࢆ㐺⏝ࡋ࡚㸪ὥỈᒚṔࢹ࣮ࢱ࠿ࡽ
⌧᫬้ࡢὶฟ㔞ࢆㄪᩚࡍࡿ㸬
(ᆅⅬ






    
ὶ
㔞
P
 
V






㞵
㔞
P
P
K
ὶᇦᖹᆒ㞵㔞
+4᥮⟬ὶ㔞
ィ⟬ὶ㔞
)ᆅⅬ






    
ὶ
㔞
P
 
V






㞵
㔞
P
P
K
ὶᇦᖹᆒ㞵㔞
+4᥮⟬ὶ㔞
ィ⟬ὶ㔞
*ᆅⅬ






    
ὶ
㔞
P
 
V






㞵
㔞
P
P
Kὶᇦᖹᆒ㞵㔞
+4᥮⟬ὶ㔞
ィ⟬ὶ㔞
%ࢲ࣒ὶධ㔞






    
ὶ
㔞
P
 
V






㞵
㔞
P
P
K
ὶᇦᖹᆒ㞵㔞
ὶධ㔞
ィ⟬ὶ㔞
ᅗ3ᖹᡂ18ᖺ7᭶ὥỈࡢྠᐃ⤖ᯝ

㸲㸬ὥỈண ࡟࠾ࡅࡿࣇ࢕࣮ࢻࣂࢵࢡᡭἲࡢ㛤Ⓨ

ὥỈண ࡟࠾࠸࡚ࡣ㸪⌧᫬้ࡲ࡛ࡢᐇ ࢹ࣮ࢱ࡟ྜࢃࡏࡓ≧ែࢆ᝿ᐃࡋࡓୖ࡛㸪⌧᫬้ࡢ≧ែࢆㄪᩚࡍࡿ㸬
୍⯡࡟ࡇࡢ᪉ἲࢆࣇ࢕࣮ࢻࣂࢵࢡ࡜࠸࠺㸬ࣇ࢕ࣝࢱࣜࣥࢢࢆ౑⏝ࡋ࡞࠸࡛㸪ほ ್࡟ྜࢃࡏࡿࡓࡵ࡟㸪ゎᯒ
⤖ᯝ࡟ᑐࡋ࡚⌧᫬้ࡢὶ㔞ㄗᕪศࢆゎᯒ⤖ᯝ࡟ୖ஌ࡏࡍࡿ᪉ἲࡀ࠶ࡾ㸪ከࡃࡢἙᕝ࡛౑⏝ࡉࢀ࡚࠸ࡿ㸬⡆౽
࡛࠶ࡿࡀᐇ ࢹ࣮ࢱ࡜ゎᯒࢹ࣮ࢱࡢ஋㞳ࡀ኱ࡁ࠸ሙྜࡣ㸪ண ⢭ᗘࡀపୗࡍࡿሙྜࡀ࠶ࡿ㸬ࡇࡢ᪉ἲࡣ㸪▷
࠸᫬㛫࡛ࡣ᭷ຠ࡛࠶ࡿࡀ㸪ࢲ࣒᧯స࡟ᚲせ࡞24᫬㛫⛬ᗘࡢ㛗᫬㛫ࡢண ࡟ࡣ㐺⏝࡛ࡁ࡞࠸㸬ὶᇦࡢつᶍ࡟ࡶ
ࡼࡿࡀ㸪⌧᫬้ࡢㄗᕪࡀ⥅⥆ࡍࡿࡢࡣᩘ᫬㛫⛬ᗘࡲ࡛࡛㸪≉࡟ࣆ࣮ࢡ௜㏆࡛ࡣㄗᕪࡢ⥅⥆᫬㛫ࡣ▷ࡃ࡞ࡿ㸬
ࡇࡢࡓࡵ㸪⌧᫬้࡟㏆࠸᫬้ࡣ⌧᫬้ࡢㄗᕪࡀ⥅⥆ࡋ㸪⥅⥆᫬㛫ࡀ㛗ࡃ࡞ࡿ࡜ゎᯒ⤖ᯝ࡟㏆࡙ࡃࡼ࠺࡟ᨵⰋ
ࢆヨࡳࡓ㸬
ࣇ࢕ࣝࢱࣜࣥࢢࢆ⏝࠸ࡓᡭἲ࡟࣐࢝ࣝࣥࣇ࢕ࣝࢱἲ5)6)㸪⢏Ꮚࣇ࢕ࣝࢱἲ7)8)ࡀ࠶ࡿ㸬⢏Ꮚࣇ࢕ࣝࢱἲࡣ」㞧
࡞ࢩࢫࢸ࣒ࢆᑐ㇟࡟௵ពࡢㄗᕪศᕸ࡛ࣇ࢕ࣝࢱࣜࣥࢢ࡛ࡁࡿࡼ࠺࡟໭ᕝ9)ࡀᥦ᱌ࡋࡓࡶࡢ࡛࠶ࡿ㸬ከࡃࡢ⢏
Ꮚ࡛ࢩࢫࢸ࣒ㄗᕪ࡜ほ ㄗᕪࢆ㏆ఝࡋ㸪࣐࢝ࣝࣥࣇ࢕ࣝࢱࡢࡼ࠺࡟ࢩࢫࢸ࣒ࡢᒁᡤⓗ࡞⥺ᙧ໬㸪኱ᖜ࡞ࣉࣟ
ࢢ࣒ࣛࡢ᭩ࡁ᥮࠼ࢆᚲせ࡜ࡋ࡞࠸㸬ᮏ◊✲࡛ࡣ㸪ㄗᕪࡢୖ஌ࡏἲ࡜⢏Ꮚࣇ࢕ࣝࢱἲ࡟ࡘ࠸࡚ẚ㍑ࡋ㸪ࡑࡢ⢭
ᗘࢆ᳨ドࡍࡿࡇ࡜࡜ࡋࡓ㸬
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5ᨵⰋㄗᕪୖ஌ࡏἲ
ࢲ࣒㐠⏝࡛ࡣ24᫬㛫⛬ᗘࡢ㛗᫬㛫ࡢண ࡀᚲせ࡜࡞ࡿࡀ㸪24᫬㛫ඛࡲ࡛㸪⌧᫬้ࡢㄗᕪࡀ⥅⥆ࡍࡿ࡜ࡣ⪃
࠼࡟ࡃ࠸㸬㐣ཤ࡟࠾ࡅࡿὶ㔞ኚືࡀ኱ࡁ࠸᫬ࡣὥỈ᫬࡛࠶ࡾ㸪⌧᫬้ࡢㄗᕪࡣᑗ᮶ࡢண ࡟ࡣ࡯࡜ࢇ࡝ᙳ㡪
ࡏࡎ㸪ண ್ࡣゎᯒ⤖ᯝ࡟㏆࠸࡜⪃࠼ࡿ㸬୍᪉㸪ὶ㔞ኚືࡀᑠࡉ࠸᫬ࡣ୺࡟పỈ᫬࡛࠶ࡿࡓࡵ㸪⌧᫬้ࡢὶ
㔞ㄗᕪࡀᑗ᮶ࡶ⥅⥆ࡍࡿ࡜⪃࠼ࡿ㸬
ᮏ◊✲࡛ࡣ㸪ὶ㔞ࡢኚື≧ἣࢆᐇ⦼ὶ㔞࡜ゎᯒὶ㔞ࡢኚືಀᩘࡢ✚࡛⾲ࡋ㸪ኚືಀᩘࡢ኱ᑠ࡛ㄗᕪࡢ⥅⥆
ᛶࢆኚ໬ࡉࡏࡿࡶࡢ࡜ࡋࡓ㸬ᐇ⦼ὶ㔞ࡢኚືಀᩘ࡜ࡋ࡚㐣ཤ㸴᫬㛫ࡢὶ㔞ࡢᶆ‽೫ᕪࢆᖹᆒ್࡛๭ࡗࡓࡶࡢ
ࢆᐃ⩏ࡋ㸪ࡉࡽ࡟ゎᯒ⤖ᯝࡢኚືಀᩘ࡜ࡋ࡚㐣ཤ6᫬㛫࠿ࡽᑗ᮶6᫬㛫ࡲ࡛ࡢὶ㔞ࡢᶆ‽೫ᕪࢆᖹᆒ್࡛๭ࡗ
ࡓࡶࡢࢆᐃ⩏ࡋࡓ㸬
O
O
O m
SV     
hr
tQ
m
t
hrt O
O 6
6¦     ^ `
hr
mtQ
S
t
hrt OO
O 6
6
2¦      (16) 
C
C
C m
SV     
hr
tQ
m
hrt
hrt C
C 6
6
6¦     ^ `
hr
mtQ
S
hrt
hrt CC
C 6
6
6
2¦     (17) 
ࡇࡇ࡟㸪 OV ࡣᐇ ὶ㔞ࡢኚືಀᩘ㸪 CV ࡣゎᯒ⤖ᯝࡢኚືಀᩘ㸪 OQ ࡣᐇ ὶ㔞㸪 CQ ࡣゎᯒὶ㔞࡛࠶ࡿ㸬
ᐇ ㄪᩚ࡛౑⏝ࡍࡿኚືಀᩘࡣ㸪ᘧ(18)ࡢࡼ࠺࡟ᐇ⦼ὶ㔞࡜ゎᯒὶ㔞ࡢኚືಀᩘࡢ┦஌ᖹᆒ㸦✚ࡢᖹ᪉᰿㸧
࡜ࡋࡓ㸬  1,min OCOC VVV                                                                                                         (18) 
௨ୖࡢ⪃ᐹ࠿ࡽ㸪ᘧ(19)(20)ࡢ⿵ṇࢆ⾜ࡗࡓ㸬ᐇ⦼ὶ㔞ࡀゎᯒὶ㔞ࡼࡾᑠࡉ࠸ሙྜࡣẚ⋡࡛⦰ᑠࡋ㸪㏫࡟
኱ࡁ࠸ሙྜ㸪ㄗᕪࢆୖ஌ࡏࡍࡿ᪉ἲ࡛࠶ࡿ㸬ࡇࢀࡣ㸪ゎᯒὶ㔞ࢆ⦰ᑠࡍࡿሙྜ࡟ࡣ㸪ㄗᕪࢆᕪࡋᘬࡃ࡜ゎᯒ
⤖ᯝࡀ࣐࢖ࢼࢫ࡟࡞ࡿ୙ྜ⌮ࢆゎᾘࡍࡿࡓࡵ࡛࠶ࡿ㸬ࡲࡓ㸪ᐇ⦼ὶ㔞ࡀゎᯒὶ㔞ࡼࡾ኱ࡁ࠸ሙྜࡣ㸪ẚ⋡࡛
๭ቑࡍ࡜ὶ㔞ቑຍ᫬࡟ࡣ㐣኱࡞ண ࡜࡞ࡿഴྥࡀ࠶ࡿࡓࡵ࡛࠶ࡿ㸬
1)Qo(t)ӌQc(t)ࡢ࡜ࡁ ᐇ⦼ὶ㔞ࡀィ⟬ὶ㔞ࡼࡾᑠࡉ࠸ሙྜ
    FFitQitQ co u         ¿¾
½®¯­  OC
c
oc V
T
iT
tQ
tQtQFF 11  (19) 
2)Qo(t)㸼Qc(t)ࡢ࡜ࡁ ᐇ⦼ὶ㔞ࡀィ⟬ὶ㔞ࡼࡾ኱ࡁ࠸ሙྜ
    DQitQitQ co        ^ ` ¿¾
½®¯­  OCoc VT
iTtQtQDQ 1   (20) 
ࡇࡇ࡟ tࡣ⌧᫬้㸪 iࡣண ᫬㛫࡜ࡋ࡚㸪ண ᫬㛫ࢆ hrT 12 ࡜ࡋࡓ㸬
⢏Ꮚࣇ࢕ࣝࢱἲ
1)ᇶ♏᪉⛬ᘧ
≧ែ㔞( tx )ࢆほ ್( ty )࡟ࡼࡾ᥎ᐃࡋ㸪ᑗ᮶ண ࢆ⾜࠺ࢩࢫࢸ࣒ࢆ᝿ᐃࡍࡿ㸬ὥỈண ࡟࠾࠸࡚ࡣ≧ែ㔞
ࡣࣔࢹࣝᐃᩘ㸪ศᕸᆺὶฟࣔࢹࣝࡢỈศ㔞➼࡛࠶ࡿ㸬ࡇࡇ࡛ࡣ≧ែ㔞ࢆ tx ࡜♧ࡋ」ᩘࡢ≧ែ㔞ࢆ⾲⌧ࡍࡿ
⾜ิࢆ⪃࠼࡚࠸ࡿ㸬ࡲࡓほ ್ ty ࡣࣜ࢔ࣝࢱ࢖࣒࡛ྲྀᚓࡋࡓỈ఩㸪ὶ㔞ὶ㔞࡜⪃࠼࡚࠸ࡿ㸬ほ ್ࡣ ty :1 ࡜
⾲⌧ࡋ㸪1㹼t ᫬้ࡲ࡛ࡢほ ್ࢆ♧ࡋ࡚࠸ࡿࡀ㸪ࡇࢀࡣࠕ㐣ཤࡢࡍ࡭࡚ࡢࢹ࣮ࢱࢆ౑⏝ࡋࡓࠖ࡜࠸࠺ࡇ࡜ࢆ
♧ࡋ࡚࠾ࡾ㸪ලయⓗ࡟ᮇ㛫ࢆỴࡵ࡚࠸ࡿࢃࡅ࡛ࡣ࡞࠸㸬
ほ ್࠿ࡽ᥎ᐃࡋࡓ≧ែ㔞 tx ࡀほ ್ ty :1 ࡛᭱㐺໬ࡉࢀࡓ᮲௳௜ࡁ☜⋡ศᕸࢆ  tt yxp :1| (ࣇ࢕ࣝࢱศᕸ)
࡛ᘧ(22)࡟♧ࡍ㸬ࡲࡓ㸪㸯ᮇඛࡢண ࢆ⾜ࡗࡓศᕸࢆ  1:1| tt yxp (ண ศᕸ)ࢆᘧ(21)࡟♧ࡍ㸬⌧᫬้(ࡇࡇ࡛
ࡣ t-1)࡟࠾ࡅࡿ᭱㐺࡞≧ែ㔞࠿ࡽ 1ᮇඛࡢ≧ែ㔞ࡢ☜⋡ศᕸࢆ♧ࡋࡓࡶࡢ࡛࠶ࡿ㸬
    ୍ᮇඛࡢண ศᕸ        ³   11:1111:1 ||| ttttttt dxyxpxxpyxp   (21) 
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6   ⌧᫬้ࡢࣇ࢕ࣝࢱศᕸ       1:1
1:11
:1 |
|||

 
tt
tttt
tt yyp
yxpxypyxp             (22)
ࡓࡔࡋ      ³   ttttttt dxyxpxypyyp 1:11:1 ||| xG ࡣࢹ࢕ࣛࢡࡢࢹࣝࢱ㛵ᩘ࡛ 0 x ࡢ࡜ࡁ࡟㸯㸪 0zx ࡢ࡜ࡁ࡟ 0 ࢆ♧ࡍ㸬୍ᮇඛࡢண ศᕸ࡛
 1| tt xxp ࡣ᫬㛫ࢆ᭦᪂ࡍࡿࡇ࡜࡛࠶ࡿ㸬⌧᫬้ࡢࣇ࢕ࣝࢱศᕸࡣ࣋࢖ࢬࡢᐃ⌮ࡑࡢࡶࡢ࡛ᕥ㎶ࡀ஦ᚋศᕸ
࡛㸪ྑ㎶ࡢ  1:1| tt yxp ࢆ஦๓ศᕸ㸪  1| tt xyp ࢆᑬᗘ࡜࡞ࡿ㸬
⢏Ꮚࣇ࢕ࣝࢱࡣண ศᕸ  1:1| tt yxp 㸪ࣇ࢕ࣝࢱศᕸ  tt yxp :1| ࡟ᘧ(23)(24)ࢆ௦ධࡍࡿࡇ࡜࡟ࡼࡾᚓࡽࢀ
ࡿ㸬|ࡣྑ㎶ࡢ✚ศࡀ㸯࡟࡞ࡿࡼ࠺࡟ㄪᩚࡍࡿࡇ࡜ࢆ♧ࡋ࡚࠸ࡿ㸬
       ¦
 
 |
N
i
i
ttttt xxN
yxp
1
)(
1:1:1
1| G   (23)    ¦
 
|
N
i
i
ttttt xxN
yxp
1
)(
::1
1| G    (24)
2)⢏Ꮚࣇ࢕ࣝࢱࡢタィ
」ᩘࡢࣃ࣓࣮ࣛࢱࢆࣇ࢕ࣝࢱࣜࣥࢢ࡛ࡁࡿ≉ᚩࢆ⏕࠿ࡋ࡚㸪
ᅗ.4ࡢ࡜࠾ࡾ⢏Ꮚࡣ㸴᫬㛫๓ࡢ≧ែ㔞ࡢಟṇ㔞࡜㝆㞵࡟࠿࠿
ࡿ⿵ṇಀᩘࡢ㸰ࡘ࡜ࡍࡿ㸬ࡲࡓ㸪❧ᕝࡽࡣ8)⢏Ꮚࡢᩘࢆ1,000
ಶ௨ୖ࡜ࡍࡿ࡜Ᏻᐃⓗ࡞ண ⤖ᯝࡀᚓࡽࢀࡿ࡜ᣦ᦬ࡋ࡚࠸ࡿ
ࡀ㸪1,000ಶ࡜ࡢィ⟬⤖ᯝ࡟ẚ࡭࡯࡜ࢇ࡝ኚࢃࡽ࡞࠸⤖ᯝ࡜࡞
ࡗࡓࡢ࡛100ಶࢆ᥇⏝ࡋࡓ㸬
3)ㄗᕪศᕸࡢタᐃ
⌧᫬้ࡢὶ㔞ࢹ࣮ࢱ࡛ㄗᕪࢆホ౯ࡍࡿ᪉ἲ࡜ࡋ࡚㸪⌧᫬้
ࡢᛴ⃭࡞ኚືࡀ⤖ᯝ࡟ᙳ㡪ࢆཬࡰࡍྍ⬟ᛶࡀ࠶ࡿ㸬ࡇࡢࡓࡵ㸪
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